Summary. Using a histochemical technique, alkaline phosphatase has been shown to appear in the stroma of the mouse uterus during implantation and after initiation of the oil-induced deciduoma.
In sections of pregnant uteri the enzyme first appeared on the 5th day after mating as a small crescentic area in the stroma on the antimesometrial side of the uterus close to the implanting blastocyst.
In pseudopregnant mice after instillation of oil into the uterine lumen (on the 4th day) a similar crescentic area of alkaline phosphatase activity appeared around the uterine lumen on the antimesometrial side on the 5th day.
The epithelium in both cases is intact on the 5th day but degeneration occurs on the antimesometrial side on the 6th day. This suggests that epithelial degeneration is an inherent property of the uterus during the period of implantation, and is not directly caused by the activities of the giant cells of the trophoblast.
There was no alkaline phosphatase activity in the uterine stroma of pseudopregnant untreated mice on the 4th, 5ht and 6th days after sterile mating and the epithelium showed no evidence of degeneration. Further, injection of oil into the uteri of ovariectomized mice failed to cause epithelial degeneration or result in alkaline phosphatase activity in the stroma.
The bearing of these results on the role of the blastocyst in implantation is discussed.
INTRODUCTION
Following Loeb's (1908) discovery that the uterus of a pseudopregnant guineapig could be stimulated to undergo decidualization by traumatization of the endometrium, much work has been directed to seeking a chemical substance which might provide the decidual stimulus during implantation or following trauma.
The effectiveness of trauma as a decidual stimulus has led to the belief that the blastocyst also acts by traumatizing the epithelial lining of the uterus. This view has been held in spite of the fact that decidual cell formation starts while the C. A. Finn and J. R. Hinchliffe blastocyst is making only very light contact with the wall of the uterus and the epithelial lining shows no visible sign of damage. It has led Shelesnyak (1959) and his colleagues to suggest that histamine is the final stimulus for the deci¬ dual cell reaction. Recently, however, the histamine hypothesis has been chal¬ lenged by several workers (Finn & Keen, 1962; De Feo, 1962; Orsini, 1963; Wrenn, Bitman, Cecil & Gilliam, 1964) who have been unable to repeat some of the crucial experiments in support of it.
The injection of small quantities of solution into the uterus of pseudopregnant rats or mice, provides a simple and effective method of testing the effectiveness of a compound as a decidual stimulus. Using this technique, Finn & Keen (1963) showed that, of many substances tested, only oils and certain sulphated polysaccharides stimulated a decidual response significantly greater than could be accounted for by the trauma of injection. They suggested on this and other evidence that there might be some association between sulphated polysac¬ charides and the implantation of the blastocyst.
In view of the frequent association of the enzyme alkaline phosphatase with mucopolysaccharides in tissues (Moog & Wenger, 1952) and the known presence ofthe enzyme in pregnant rat uteri (Pritchard, 1947) The groups containing mice undergoing a decidual response, that is the 5-and 6-Day pregnant and 5-and 6-Day oil-injected pseudopregnant groups, showed some variation in the progress of the response. This is, of course, to be expected in an active biological reaction. In these groups, therefore, it was necessary to examine fairly large numbers of animals in order to be certain of the average response on each day. In the text we have given some indication of the extent to which variation occurred, although it was not found possible to measure it strictly. The other groups, in which a decidual response did not occur, showed little variation, so that it was not necessary to examine large numbers of uteri. Fig. 11 ). There was usually an alkaline-phosphatase-free area of stroma at the base of the crypt also. In following serial sections along the length of the uterus, it was noticeable that the depth of the crypt varied considerably and it seems possible that the crypts represent foci of decidual development. It is worth noting here that, when one examines oil deciduomata macroscopically on the seventh day, one often finds many discrete swellings along the length of the uterus which are probably cor¬ related with these foci. Almost all the stromal tissue at this time gave a positive reaction for phosphatase.
PLATE 1
Figs. 1 and 3. T.S. of uterus on 4th day of pseudopregnancy, 6 hr after instillation of oil. Fig. 1 x90, Fig. 3 
DISCUSSION
The appearance of alkaline phosphatase in the stroma of the pregnant uterus appears to be associated, at least temporally, with the induction of the decidual cell reaction. It is interesting that it appears before the actual nidation of the ovum into the wall of the uterus and before there is any observable change in the epithelium. The finding that the stromal reaction occurs before degeneration of the epithelium is in contrast with the statement by Amoroso (1952) that "with the destruction of the epithelium appears the first sign of decidual formation".
There is still much confusion over the functional significance of alkaline phos¬ phatase, which has been linked with several different physiological processes, e.g. with the turnover of dna within the nucleus, with secretion, and with the formation of fibrous proteins {see Danielli, 1953) . Probably most relevant to its presence in the decidual cells is Moog's (1944) The first signs of stromal reaction were always antimesometrial. This is inter¬ esting in view of the fact that blastocysts implant on this side in the mouse, as indeed do pieces of muscle or tumour or glass beads (Blandau, 1949; Wilson, 1963) . In all these cases, however, the stimulus is very localized and a decidual response can only occur in the part of the uterus to which the object is attracted, so that the interest here lies in the mechanism of attraction. Wilson suggests that blastocysts are forced into the antimesometrial area simply by muscular com¬ pression of the uterine lumen. However, in his experiments pieces of muscle or tumour, although found antimesometrially, had not caused decidual cell forma¬ tion, indicating that the locating mechanism can operate without the decidual reaction. Our experiments show that a stimulus which is evenly applied over the epithelial surface sets off a decidual reaction only on the antimesometrial side.
It seems therefore that two separate but successive mechanisms are involved in the initiation of the decidual cell reaction by the blastocyst. Firstly, an orien¬ tating mechanism placing the blastocyst against the antimesometrial epithelium and, secondly, a mechanism provoking decidual cell production, the latter response, however, only being possible when the blastocyst has been placed on the antimesometrial side.
The breakdown of the epithelium on the antimesometrial side which occurs on the 6th day in the oil-injected mice with the formation of a crypt, closely parallels the reaction of the pregnant uterus. It seems that once the oil has initiated the decidual response a chain of events follows spontaneously.
There has been considerable controversy about the role of the trophoblast and the spontaneous degeneration of uterine tissue in the breakdown of the epithe¬ lium during implantation {see Blandau, 1961 , for a recent critical review). It is clear from the work of Blandau (1949) and Krehbiel (1937) that in the rat degeneration of the antimesometrial epithelium can take place during the decid¬ ual reaction without the presence of a blastocyst. Wilson (1963) speaks of the epithelium having, as an inherent property, "a susceptibility to degeneration and rupture". Our own work shows that an unlocalized deciduoma-producing stimulus in the mouse causes degeneration of the antimesometrial, but not of the mesometrial, epithelium. Further, sections of uterus containing implanting mouse blastocysts (our own observations) or rat blastocysts (illustrated by Blandau, 1949) show degeneration of the antimesometrial epithelium at some distance from the implanting egg. Yet, in spite of this, Blandau (1949) Jenkinson's (1901-02) drawings. Presumably two mechanisms are involved in the removal of the epithelium : degeneration being followed by phagocytic activity on the part of the trophoblastic giant cells.
Much attention has been paid to the precise stimulus evoking the decidual cell reaction. One view is that put forward by Blandau (1949) that "in the rat, the evidence at hand strongly favours localized pressure as being a sufficient stimulus to induce the decidual response". Production of the decidual reaction by the traditional mechanical methods is not inconsistent with this theory. How¬ ever, Wilson (1963) found that tumour or muscle tissue introduced into the pseudopregnant mouse uterus, while implanting below the epithelium and thus at some stage providing localized pressure, did not set off a decidual response. Further, Alden & Smith (1959) demonstrated that mouse ova, fixed rat ova or fixed sea-urchin eggs (all of which would be expected to cause localized pressure on the surface of the epithelium) failed to stimulate deciduomata in the pseudo¬ pregnant rat uterus. They were able to induce deciduomata with small pieces of agar of approximately ovum size. Recently, however, Finn & Keen (1963) (Finn & Keen, 1963) , many other substances which would exert a similar pressure were not effective decidual stimuli. The way in which oil initiates the reaction is still not clear. The present observations show that when oil was in¬ jected on the 4th day of pseudopregnancy, decidual development started on the following day before any change could be detected in the epithelium, indica¬ ting that the stimulus was probably not traumatic. This is further substantiated by the fact that injection of oil into the uterus of spayed mice does not injure the epithelium. In an earlier paper, Finn & Keen (1963) showed that mineral and vegetable oils were equally effective as decidual stimuli. As mineral oils are straight-chain hydrocarbons and vegetable oils are triglycérides, it is unlikely that the chemical nature of the oil is important. Possibly some physical property associated with 'oiliness' is involved, which causes a reaction at the epithelial cell-oil boundary similar to that which occurs between the epithelium and an implanting blastocyst. Elucidation of this property might provide some indication of the nature of the stimulus provided by the blastocyst.
